The lack of breast cancer screening in low and middle-income countries results in later stage diagnosis and worsened outcomes for women. A cluster randomized trial was performed in Bogot a, Colombia between 2008 and 2012 to evaluate effects of opportunistic breast cancer screening. Thirteen clinics were randomized to an intervention arm and 13 to a control arm. Physicians in intervention clinics were instructed to perform clinical breast examination on all women aged 50-69 years attending clinics for non-breast health issues, and then refer them for mammographic screening. Physicians in control clinics were not explicitly instructed to perform breast screening or mammography referrals, but could do so if they thought it indicated ("usual care"). Women were followed for 2-years postrandomization. 7,436 women were enrolled and 7,419 (99.8%) screened in intervention clinics, versus 8,419 enrolled and 1,108 (13.1%) screened in control clinics. Incidence ratios (IR) of early, advanced and all breast cancers were 2.9 (95% CI 1.1-9.2), 1.0 (0.3-3.5) and 1.9 (0.9-4.1) in the first (screening) year of the trial, and the cumulative IR for all breast cancers converged to 1.4 (0.7-2.8) by the end of follow-up (Year 2). Eighteen (69.2%) of 26 women with early stage disease had breast conservation surgery (BCS) versus 6 (42.5%) of 14 women with late-stage disease (p 5 0.02). Fifteen (68.2%) of 22 women with breast cancer in the intervention group had BCS versus nine (50.0%) of 18 women in the control group (p 5 0.34). Well-designed opportunistic clinic-based breast cancer screening programs may be useful for early breast cancer detection in LMICs.
The lack of breast cancer screening in low and middle-income countries results in later stage diagnosis and worsened outcomes for women. A cluster randomized trial was performed in Bogot a, Colombia between 2008 and 2012 to evaluate effects of opportunistic breast cancer screening. Thirteen clinics were randomized to an intervention arm and 13 to a control arm. Physicians in intervention clinics were instructed to perform clinical breast examination on all women aged 50-69 years attending clinics for non-breast health issues, and then refer them for mammographic screening. Physicians in control clinics were not explicitly instructed to perform breast screening or mammography referrals, but could do so if they thought it indicated ("usual care"). Women were followed for 2-years postrandomization. 7,436 women were enrolled and 7,419 (99.8%) screened in intervention clinics, versus 8,419 enrolled and 1,108 (13.1%) screened in control clinics. Incidence ratios (IR) of early, advanced and all breast cancers were 2.9 (95% CI 1.1-9.2), 1.0 (0.3-3.5) and 1.9 (0.9-4.1) in the first (screening) year of the trial, and the cumulative IR for all breast cancers converged to 1.4 (0.7-2.8) by the end of follow-up (Year 2). Eighteen (69.2%) of 26 women with early stage disease had breast conservation surgery (BCS) versus 6 (42.5%) of 14 women with late-stage disease (p 5 0.02). Fifteen (68.2%) of 22 women with breast cancer in the intervention group had BCS versus nine (50.0%) of 18 women in the control group (p 5 0.34). Well-designed opportunistic clinic-based breast cancer screening programs may be useful for early breast cancer detection in LMICs.
In the United States, breast-cancer death rates dropped by 34% between 1990 and 2013, 1 an impressive improvement attributed to the combination of earlier detection and effective adjuvant therapies. 2 In Europe, comparable estimates of reductions in breast cancer mortality range from 25 to 31%. [3] [4] [5] However, many low-and middle-income countries (LMICs) are experiencing an increased incidence of breast cancer, 6 and most have limited resources for early breast-cancer detection programs, resulting in late diagnosis, which is more difficult to treat effectively, and is associated with increased morbidity and mortality. 7 In Colombia, breast cancer was the most frequent cause of cancer-related death among women between 1984 and 2008, 8 and breast-cancer mortality trends have increased steadily in recent years. 9 In response, the National Cancer Institute of Colombia (NCIC) developed evidence-based guidelines for breast-cancer early detection commensurate with available resources, using stratified guidelines developed by the Breast Health Global Initiative. 10 These guidelines are aimed at implementing opportunistic (hospital-based) biennial mammographic screening of asymptomatic women aged 50-69 years, performed in conjunction with annual clinical breast examination (CBE), 11 while ensuring appropriate diagnostic and treatment procedures for positive screened women and for symptomatic women irrespective of age.
In this study we implemented an opportunistic breast screening program in the context of a cluster randomized controlled trial (CRT) in 26 clinics in Bogot a, Colombia. The primary outcome was a relative reduction of advanced breast cancer (stage IIB or higher) in the intervention arm compared with the control arm. The intervention included training general practitioners (GPs) on breast-cancer screening (CBE, mammography) and offering breast-screening on all women 50-69 years attending clinics for non-breast health related issues. The control arm received no explicit intervention and women received "usual care." 11 We hypothesized that intervention clinics would show (i) an increase in number of detected breast cancers, (ii) down-staging in diagnosed breast cancer and (iii) greater rates of breast conserving surgery (BCS) compared to women receiving usual care in control clinics.
Methods

Study setting and design
The cluster randomized trial (CRT) was conducted from 2008 to 2012 in Bogot a, Colombia, with the approval of NCIC and ethical committees of participating institutions. Written informed consent was obtained from all participants.
The Colombian population receives medical care through two major insurance plans, one for workers and their families, and one for low-income families. Each plan is managed by insurance companies which define their own health services via a network of clinics. Twenty-six primary care health clinics were randomized to either the intervention (N 5 13) or control arm (N 5 13). Randomization was stratified by insurance company to ensure that women in both arms had comparable access to diagnostic and treatment facilities. The Unit for Data Analysis at NCIC used computer-generated random numbers for allocating clinics to the intervention or control arm, which were generated when at least two clinics (clusters) were identified by the corresponding insurance company to be part of the study. Radiologists and outcome assessors were blinded to randomization arm.
Study preparation in intervention and control clinics
GPs based in the intervention clinics received a 2-day training course on breast-cancer epidemiology, clinical signs and symptoms of breast cancer, and principles of mammography and BIR-ADS (Breast Imaging Reporting and Data System) grading. They received practical training on CBE screening based on the Barton technique. 12 They were instructed to perform CBE on all eligible women, record results, and refer women with suspicious findings for further diagnostic procedures. GPs from control clinics were not specifically instructed to perform CBE or to refer women for further diagnostic procedures or screening mammograms, but could do so if they thought it appropriate ("usual care"). An audit was carried out at mammography centers to confirm that screening quality recommendations were implemented in preparation for the trial. Radiologists and technicians based in mammography centers were trained at NCIC on mammography procedures and QC standards. Radiologists received a session on reading and reporting mammography results using BIRADS. Radiologists and mammography centers were common to both control and intervention clinics but radiologists were blinded to clinic intervention status. Mammograms were read by one radiologist (single-read). Nurses were educated about breast-screening and patient recruitment procedures. Nurses in the intervention clinics were additionally instructed to offer breast-cancer screening to all eligible women.
Quality assurance. NCIC breast surgeons accompanied a 10% randomly selected sample of GPs during their consultations with patients and they monitored the GPs CBE technique, and performed CBE on the same patient. Two independent expert radiologists reviewed all mammograms categorized as BIRADS 4-5 and 10% of the remaining mammograms, from both intervention and control clinics. If a disagreement was found with the initial report that would change clinical recommendations, a report was sent to the clinic recommending a re-evaluation.
Follow-up participant recruitment, inclusion and exclusion criteria
Women could participate if they were aged 50-69 years; resident in Bogot a or surrounding cities; had not had a mammogram in the previous 2 years; no personal history of breast What's new? Breast cancer is a common malignancy in Colombia, and its mortality rates are rising. To catch the disease earlier, recently developed guidelines from the National Cancer Institute of Colombia center on opportunistic (hospital-based) screening with biennial mammography and clinical breast examination. In this randomized trial involving patients at primary health-care clinics in Bogot a, opportunistic breast screening was associated with increased rates of disease detection and use of breastconservation therapy. Cancers were diagnosed at earlier stages in women who underwent screening versus usual care. The data suggest that opportunistic breast screening can advance early detection in low-resource settings.
cancer; and attending health-centers for reasons unrelated to breast health. In all clinics, nurses were trained to identify potentially eligible women using hospital appointment registries, explain study objectives and procedures, obtain written informed consent, and administer a structured interview to obtain information on sociodemographic characteristics and breast-cancer risk factors.
Women in control clinics were contacted and interviewed upon exiting physician offices, but were not explicitly offered screening. They received information on early breast-cancer detection, and on how to seek screening in the healthcare system. Trial design and recruitment are depicted in Figure 1 .
Breast-screening (intervention arm)
Results of analogue two-view mammography screening (cranio-caudal and mediolateral-oblique) were interpreted and scored according to BIRADS. 13 Women with BIRADS 4-5, women with BIRADS 1-2 but with positive CBE, and women with CBE-positive findings without a mammogram, underwent a diagnostic work-up including diagnostic breast ultrasound, and either fine needle aspiration or surgical biopsy. Colombian guidelines require women with a BI-RADS 3 diagnosis enter a surveillance protocol and have a 6-month follow-up mammogram, which is compliant with standard BI-RADS recommendations. 13 Patients from both intervention and controls clinics with histologic confirmation of breast cancer were referred to a breast surgeon for further management.
An active follow-up protocol was implemented in the intervention arm for all abnormal screening findings to ensure access to confirmatory diagnosis and treatment. For ethical reasons, women attending control clinics with mammograms with a score of BIRADS 4-5 were followed up via telephone. In total 4% of BIRADS 4-5 mammograms in the control group underwent biopsy after 3 months. The delay is the result of not having an organized program as part of the regular practice (control arm); however, the research team intervened for ethical reasons by cautioning insurance companies about the situation in every specific case. The elapsed time between the abnormal result of the mammogram and the corresponding clinical follow-up is likely to be longer without the intervention of the research team and in such case more disease in advanced stages would be expected for this group.
Outcome measures: Data collection
All participants in intervention and control clinics were followed for up to 2 years. Data from health insurance companies were utilized in clinics for workers and their relatives. International Classification of Disease (ICD)210 codes were used to identify patients diagnosed with benign breast lesions and breast cancer; and diagnoses of lung, liver, and bone cancers were reviewed to identify possible cases of metastatic breast cancer. In addition, Specific Codes for Health Procedures were utilized to identify any procedure on the breast irrespective of diagnosis. For women in the low-income 
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insurance plan, follow-up consisted of regular telephone or home surveys to determine if they had been diagnosed with benign lesions or breast cancer, or had undergone any procedure on the breast. The same survey was administered to women who were no longer covered by health insurance companies during the follow-up period. Full medical record reviews were carried out for women who were diagnosed with any breast-related disease or procedure on the breast. A panel of breast surgeons blinded to trial arm allocation reviewed medical records of all women with breast cancer and assigned clinical stage according to the TNM system. Demographic and breast cancer risk factors were collected by in-person interview with participants in both arms, and the following covariates dichotomized as yes/no: previous mammogram, family history of breast cancer, menarche before 11 years, ever use of hormone replacement therapy, first pregnancy after 30 years of age, nulliparity, university education or higher, married, and occupation (housewife). In situ/Stage I/IIA cancers were categorized as early stage disease; and Stages IIB/IIIA/IIIB were categorized as advanced.
Power
The study was designed to have 80% power to detect a 50% reduction of advanced breast cancer (Stage IIB or higher) in the intervention arm in comparison with the control arm (with 5% Type-I error). Expected incidence of breast cancer at stages IIA or less in the absence of the intervention was estimated to be 56/100,000, based on the overall estimated breast-cancer incidence of 229/100,000 among 50-69 yearold women from Bogot a, and the percentage of early cancers at the NCIC of about 24.3%. 14, 15 We assumed that clusters consisting of an average of 2,000 women would provide 
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Downstaging with opportunistic screening for breast cancer in Colombia about 3,800 person-years of observation (assuming a yearly dropout rate of 10%). We assumed a coefficient of variation of 0.16 between clusters, requiring randomization of at least 13 clusters in each study arm. 16 
Statistical analysis
The demographic characteristics of women in the two arms of the study, and their breast cancer risk factors, were compared, as were the TNM classifications of all cases in the two groups. Differences in distributions for categorical variables were estimated using the Pearson v 2 test. We calculated incidence rates up to 2 years of follow-up in both intervention and control arms for early, advanced, and total breast cancer, and we calculated the incidence ratio and 95% confidence intervals (CI) for Year 1 data and for Years 1 and 2 data, respectively (Table 3) . Person-years of follow-up were calculated from date of participant recruitment to date of diagnosis, death, or date of last follow-up. Hazard ratios (HR) were used for comparing cumulative incidence up to 2 years postrecruitment, and 95% CI were based on the partial likelihood for Cox's proportional hazards model with adjustment for covariates (Fig. 2 ). Data were censored at 2 years postrecruitment. Variables considered for inclusion in the Cox models as potential confounders are shown in Table 1 . Cluster effects due to clinics were adjusted using a frailty model. Age at menarche and age at first pregnancy were included in the final models. All tests of statistical significance are two-sided. Statistical analyses were performed using Stata statistical software, version 12.0 (StataCorp, College Station, Texas).
Recruitment and attrition
Women were recruited between 2008 and 2010, and followed up for 2 years postrandomization. 34,987 women in the intervention clinics and 32,981 women in the control clinics were assessed for eligibility (Fig. 1) 
Results
Baseline characteristics of women enrolled in the study are shown in Table 1 . On average, women were 58 years of age, and over 50% had had a previous mammogram.
Screening diagnoses and stage
More breast cancers were diagnosed in the intervention arm than in the control (23 and 18, respectively; p 5 0.05, Table 2 ). Breast cancer was diagnosed in 34 women in the first year of the trial (21 intervention arm; 13 control arm) and in seven women in the second year (two intervention arm; five control). 
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Early breast cancer (in situ-IIB) was diagnosed in 15 (75%) of 21 cancer cases in the intervention arm during the first year, compared to in six (46%) of 13 cancer cases in the control. Twelve (57.1%) of the 21 cases in the intervention arm during the first year were in situ or Stage I, compared to only 1 (7.7%) of 13 cases in the control arm. In the second year, one in situ and one Stage 1 case was diagnosed in the intervention arm, whereas two Stage I and three Stage II cancers were found in the control arm.
In the control arm, the basis for breast cancer diagnosis was mammography in all cases (N 5 18). In the intervention arm, three cancers were diagnosed based on both tests; 14 diagnosed based only on mammography; six were diagnosed based only on CBE.
Distribution of cancer cases over time
At the end of year one, the overall incidence of breast cancer was greater in the intervention arm than in the control arm (Incidence Ratio (IR) 5 1.9; 95%CI 0.9-4.1; Table 3 ). Overall cumulative rates tended to converge by the end of Year 2 (Fig. 2a) . By the end of Year 1, the rates of advanced breast cancer did not differ between arms (IR 5 1.0; 95%CI 0.3-3.5). During Year 2, there was an increase in advanced stage disease in the control but not in the intervention arm (Fig. 2b) . The rate of early breast cancer was significantly higher in the intervention arm (IR 5 2.9; 95%CI 1.1-9.2) versus the control arm in Year 1, but not by the end of Year 2 (Fig. 2c) . Hazard ratios (Fig. 2) changed very little when we used various combinations of adjustment variables from Table  1 in the model (data not shown).
Surgical treatment and outcomes
Of the 23 cases diagnosed with early stage disease during 2 years of follow-up, 18 (78.3%) had BCS compared to six (42.8%) of 14 women with late stage disease (p 5 0.02; Table 4 ). Over the 2 year period, more women in the intervention arm had BCS (N 5 15; 68.2%) than in the control arm (N 5 9; 50%), although Nine (23%) of 23 cases in the intervention arm compared to seven (39%) of 18 cases in the control arm received neoadjuvant chemotherapy (data not shown). Thirty-eight women in the intervention and 43 in the control arm died during the study; one woman in each arm died of breast cancer. One patient in the intervention arm developed a breast seroma requiring drainage. No other serious adverse events were reported.
Discussion
Here, we report that a CRT of an organized opportunistic breast-screening program in asymptomatic women in Bogot a, Colombia, resulted in a significant increase in the detection of early stage cancers and greater utilization of BCS. Overall breast-cancer incidence was higher in the intervention arm than in the control, due to an increase in detection of earlystage disease during the first year of the trial when screening was being conducted. Rates of advanced breast cancer did not differ between groups during the first year. After two years of follow-up, no further cases of advanced disease were observed in the intervention group, and the difference in the overall cumulative incidence rates of breast cancer in the two arms of the study converged. The increase in diagnosed in situ disease is in line with what occurs after a screening program has been implemented. Given the small numbers of in situ cases (four in the screened arm and none in the control arm) and the short follow-up period, it is not possible to ascertain whether these cases are a result of overdiagnosis, or represent downstaging i.e. where these in situ cancers would eventually have been diagnosed at a later stage in the absence of screening.
Opportunistic screening occurs either as a result of a request from an individual or from contact with a health professional who offers the screening test. Our study used a modified opportunistic approach by offering screening to all women attending clinics for purposes other than breast screening or diagnosis. There is contradictory information about the effectiveness of opportunistic approaches in screening: some reports suggest that opportunistic screening may be less cost-effective than organized screening particularly among women of low socioeconomic status. 17, 18 On the other hand, the WHO recommends early diagnosis or down-staging programs as appropriate in low-resource settings to find prevalent clinically detectable cancers, stating that a cancer screening program is a more costly and complex undertaking than a down-staging program based on clinical evaluation. 19 Accordingly, opportunistic screening programs may represent an important option for LMICs where breast cancer is diagnosed in late stages and resources are limited: opportunistic screening might be implemented initially to downstage disease at diagnosis by identifying prevalent breast cancer cases within the target group, and at the same time providing the groundwork and infrastructure that later could allow LMICs to expand screening opportunities as more resources become available.
Due to its decentralized nature and lack of systematic reporting, the quality of opportunistic screening is difficult to evaluate in countries lacking centralized cancer registries and fragmented healthcare systems such as those in low-resource settings. Thus, few data exist on the results of opportunistic breast screening programs and, to our knowledge; none have been evaluated in a randomized controlled trial (RCT). Also, no RCT of mammography screening has been conducted in LMICs. A Japanese study reported on opportunistic screening in 12,823 women and found that opportunistic screening had a greater net benefit for women in their 40s compared to women aged >50. 20 European studies compared screen-detected cancers vs. those detected by opportunistic screening, and despite a higher percentage diagnosed at a lower grade by populationbased screening, overall prognostic factors were comparable between cancers diagnosed by either method. 21, 22 Given the specific barriers to population based screening in low-resource settings, opportunistic screening may represent a good preliminary method for downstaging breast cancer. A recent study based in Malaysia comparing opportunistic with diagnostic and high-risk screened population found that early stage breast cancer was diagnosed in 84.6% in the screening group vs. in 61.1% of the diagnostic group. 23 While mortality is the end-point by which screening programs should ultimately be judged, the rate of later-stage tumors can be used as a reliable surrogate indicator of the effect of a screening program before mortality results are available. 24, 25 The lack of long-term follow-up in our study meant we were unable to ascertain whether this will translate to reductions in mortality; we also are not able to address the frequency of interval cancers (cancers diagnosed during the interval between screening episodes) using this opportunistic approach. However, detection of breast-cancer in women at earlier stages was associated with greater rates of BCS rather than mastectomy, less need for more complex and toxic systemic therapies and therefore, less morbidity, resulting in cost savings for health systems.
The value of CBE as a screening modality to reduce mortality has not been established, and as a result neither IARC nor the U.S. Preventative Services Task Force recommends CBE as part of a screening modality. 26, 27 IARC has proposed that RCTs of CBE versus no screening should be conducted in a country where resources are unavailable to implement mammographic screening; and a CBE versus mammography trial be performed in countries where resources permit only limited mammography to evaluate their utility in LMICs. 27 The effects of CBE with and without mammography on downstaging have been the subject of a few RCT where downstaging of disease has been observed, but insufficient follow-up had elapsed to observe differences in mortality between arms. 28, 29 Furthermore, the 25-year follow-up of the Canadian National Breast Screening Study found that annual mammography in women aged 40-59 had no additional benefit beyond that of CBE in terms of mortality. 30 The inclusion of CBE in the Colombian guidelines was intended to increase detection rates and reduce the chance of interval cancers. Our results show that CBE detected nine out of 21 cancer cases, while mammography detected 17 cancers, suggesting better overall sensitivity for mammography. Nonetheless, these results indicate that CBE can increase overall detection rates beyond mammographic screening alone. More specific analysis regarding the precise effect on screening performance of the two modalities is beyond the objectives of this study.
Screening programs can induce harms including overdiagnosis and false-positive work-ups. The magnitude of overdiagnosis is controversial with estimates ranging from 0 to 54%. [31] [32] [33] [34] [35] A recent paper based on European breast cancer service screening outcomes suggests that the chance of a breast cancer death being avoided by population-based screening is greater than that of overdiagnosis. 5 In LMICs, breast cancer incidence is lower than in high income countries, and is more likely to be diagnosed at a younger age; in younger populations, more women will have to be screened in LMICs to detect one cancer, increasing the rate of false-positive work-ups and placing increased burdens on resource-poor health systems. 36 Thus, the relative benefits and risks of screening should be individually evaluated for the population being screened and the implementation resource requirements for the program being planned.
One of the major challenges faced during the implementation of the study is the high turnover rate of GPs in primary care centers (35% during the study period), which required ongoing efforts for training and education in order to maintain high quality standards for CBE as it is highly dependent on the provider.
Strengths of our study include its randomized nature, a high response rate among those who were invited to participate, and the fact that both radiologists and pathologists were blinded to study arm. Limitations include duration of followup, the need to use advanced disease as a surrogate endpoint for mortality, and a relatively low numbers of cases. However, results are all in the expected direction, and rates of early breast-cancer diagnosis during the first year were statistically significant between arms. Another limitation is screening in women randomized to the control arm. As shown in Figure 1, 11 .2% of the women in the control arm had a mammogram with or without a CBE, and another 1.9% had CBE alone, for an overall screening estimate of 13.1%. This, however, is probably an overestimate of the actual amount of screening because some of the mammograms were likely to have been diagnostic in nature. The screening in the control group would tend to result in an underestimation the benefit of screening, and would not lead to a spuriously observed beneficial effect.
Our results demonstrate that an opportunistic approach offering screening systematically to women, was successful at detecting early-stage disease. The results should be interpreted with caution given the small sample size; longer follow-up is also required to evaluate whether the initial increase in early stage disease promotes long-term improvement in cancer morbidity and mortality with the use of similar or fewer healthcare resources. Nonetheless, in the absence of population-based screening programs, a well-designed opportunistic program embedded within a functional healthcare system may represent an attractive method for downstaging breast cancer as a first step toward improving breast cancer mortality in LMICs.
